ABSTRACT Natural basaltic glasses recovered from Leg 37 of the Deep Sea Drilling Project have been dated by fission track methods. Close agreement in results indicates that the age of the oceanic crust drilled at Site 332 is 3.67 ±0.40 m.y. The age of the crust at Site 335 is less well defined, the average of the three dates obtained from this site being 14.45 ±2.27 m.y.
INTRODUCTION
Fragments of unaltered basaltic glass suitable for fission track dating were recovered from three holes drilled on Leg 37 of the Deep Sea Drilling Project. At Site 332 glassy rinds and brecciated glass fragments were recovered from both Holes 332A and 332B. Basalts recovered from Site 335 were particularly rich in fresh glassy rinds even though this hole was drilled in oceanic crust thought to be considerably older than that at Site 332. Fragments of sideromelane are also found in baked nanno ooze sediments occurring as interbeds within the basalts at Site 335. These glass fragments are partially altered to palagonite, especially along fractures and around the margins (Figure 1 ), but the cores of the larger fragments have remained unaltered and vitreous and are thought suitable for dating purposes.
No glass fresh enough for fission track dating was obtained from either Sites 333 or 334.
METHODS OF FISSION TRACK DATING
The basaltic glasses were dated using essentially the same techniques of fission track dating as described in detail by Fleischer and Price (1964) . Care was taken to ensure that all the glasses received identical treatment during polishing and etching, an important factor in fission track counting on an absolute basis for the purpose of dating (Reimer, 1974) .
Error limits imposed on the calculated ages result from the statistical counting error in natural, irradiated, and standard glasses, and are given as one standard deviation.
ENVIRONMENTAL FACTORS AFFECTING
FISSION TRACK RETENTION Various environmental effects such as temperature, chemical change, and mechanical deformation can cause significant annealing or fading of tracks over a period of time. Any of these factors operating either singly or in combination will normally result in erroneously low calculated ages.
Temperature-related track fading characteristics for glass crusts from pillow lavas have been investigated experimentally (Aumento, 1969) and are not considered to be a problem provided the temperature of the glass after formation remained close to the mean sea-floor temperature (approximately 4°C). Temperatures measured in the Leg 37 drill holes are quite low at the surface, but increase with depth to a maximum of 14.5°C at the bottom of the deepest hole, 332B (Hyndman et al., this volume) . Considerable temperature disturbance by frictional heating also occurs on penetration and removal of the drill bit. The recorded temperatures, though higher than the mean sea-floor temperature, probably do not cause significant track annealing as extrapolation of annealing conditions shows that tracks should be unaffected in 50°C environments for 10 3 m.y. (Aumento, 1969) . Therefore temperaturerelated annealing of tracks is not considered to have affected the accuracy of the fission track ages.
Chemical alteration by oxidation or migrating solutions could cause redistribution of uranium in geological samples. This would be expected to be more of a problem for minerals than for glass in which any large chemical changes should be accompanied by its devitrification; indeed uranium concentrations in palagonite rims are many orders of magnitude greater than in the fresh glass (Mitchell and Aumento, this volume).
Water concentration in glass of rhyolitic composition has been shown to affect fission track stability, especially with increased temperatures (Lakatos and Miller, 1972a, b) . Basaltic glass from Hole 332A, Core 18, Section 1, contains only 0.62% H:O total and even if it, or any of the other Leg 37 glasses did contain more water (up to 1%), track stability would be guaranteed by low ocean floor temperatures and by the relatively young age of the samples.
Mechanical erasure of tracks is more difficult to evaluate and as yet has only been documented in lunar samples (Fleischer and Hart, 1973) . Hydrostatic pressure is not considered to affect track retention (Fleischer, 1974) , but shear deformation resulting from shock or high static shear stresses causes significant erasure of tracks in minerals (Fleischer and Hart, 1973) . It is unlikely that any evidence of deformation would be seen in a glass and it seems quite probable that, under certain drilling conditions, sufficient shear stress could be created to cause some erasure of tracks. Apart from any of these considerations, there is sometimes difficulty in distinguishing fission tracks in volcanic glass from small vesicles or, more important, from microlites in the glass which etch out in much the same way as tracks. Such problems in fission track dating can best be avoided by carefully choosing vitreous glass with as few vesicles and microlites as possible.
RESULTS
Results of fission track dating of Leg 37 basaltic glasses are tabulated in Table 1 . Calculated ages of glasses from Hole 332A range from 2.85 to 3.67 m.y. Good agreement in calculated fission track ages is obtained for all samples from Hole 332A with the exception of Sample 26-2, #2. Although this glass was obtained from the same core interval (26-2) as two other samples, it yielded a considerably lower age than any other determined for this hole. Only one small glass fragment of Sample 26-2, #2 was used for counting purposes. As a consequence of the small area involved, less spontaneous tracks were counted than for the other samples, thus increasing the statistical error. On counting fission tracks in this sample, difficulty was also experienced in distinguishing fission tracks from small vesicles and other surface features in the glass, which, as previously described, can substantially affect the reliability of the calculated fission track age.
For these reasons the age determined for Sample 26-2, #2 has been excluded in assigning an average age of 3.47 ±0.5 m.y. to the core interval 26-2 and also in calculating the average age for Hole 332A, which was determined from three separate samples of glass and is given as 3.55 ±0.35 m.y. The two samples of glass from Hole 332B gave quite different ages of 1.21 ±0.39 m.y. and 3.68 ±1.18 m.y. Reasons for this discrepancy in results are not obvious. Both samples appeared vitreous and unaltered and since spontaneous tracks are equally well developed in both pieces of glass, there is no obvious evidence of track fading or annealing in the glass which gave the low age.
The difference in uranium content of the glasses may be of some significance. The higher concentration of uranium in the glass for which the lower age was determined may be an indication that some chemical redistribution has occurred, resulting in an anomalously low age. However, it should be noted that Hole 332A samples with high uranium content seem to give quite reliable ages, and available major element chemical analyses (Table 2) for some of the glasses show no large chemical differences.
It is worth noting at this point that the age of 3.68 ±1.18 m.y. for glass from Hole 332B corresponds very closely with ages of two samples from Hole 332A. Those samples are 18-1 and 26-2, #3, which gave respective ages of 3.67 ±0.52 m.y. and 3.65 ±0.88 m.y. This correspondence in ages does not seem fortuitous, and we would suggest that 3.67 ±0.40 m.y., the average of the three ages which are in close agreement, can be considered to approach the "true" age of the basalts at Site 332.
Concentrations of uranium in the glasses from Site 335 reflect the chemical uniformity of the basalts recovered from this hole and are consistently low. Consequently large areas of glass were required for counting spontaneous tracks in each sample. Even so the high error limits are the direct result of low track counts.
Ages determined for the three samples from Site 335 range from 13.24 m.y. to 16.37 m.y. with an average for the three of 14.45 ±2.27 m.y. Paleomagnetic data for the negative magnetic anomaly in the area of Site 332 give an age of 3.32 to 3.78 m.y. The age of the magnetic source at Site 332, which lies close to the eastern edge of the negative magnetic anomaly, is given as 3.50 ±0.10 m.y. This paleomagnetic age is therefore in close agreement with the fission track ages calculated from Site 332 natural glasses.
Sediments from Site 335, Core 5, immediately above the basalts appear to be of early late Miocene age (N 14 foram zone) of approximately 12 m.y. (Miles, this volume) . The age of the magnetic anomaly source at Site 335 is less clearly delineated than at other sites, but is given as 16.5 m.y.
The average fission track age of 14.45 m.y. for basalts at Site 335 is considerably higher than the age of the oldest sediments, but is lower than the calculated age of the magnetic source at this site. It is worthy of note that the maximum fission track age of glass from Site 335 is close to the paleomagnetic age and may possibly be close to the true age of crust at this site. The close correspondence in ages (3.68 m.y., 3.67 m.y., and 3.65 m.y.) of three samples recovered from this site suggests that the true age of the crust at Site 332 is 3.67 ±0.40 m.y.
Ages determined for glass from Site 335 are less precise because of low uranium concentrations. The average age of oceanic crust at this site on the basis of fission track dating techniques is 14.45 ±2.27 m.y.
No progressive increase in age of the basalts with depth could be detected in any of the holes.
